Intracerebral inoculation of vaccinia virus into adult DDD mice produced intensive meningitis several days after infection. The inflammatory reaction could be quantitated by counting cells obtained from this inflammatory lesion. The local virus titer increased until day 5 The inflammatory reaction occurring in viral infections is in most cases characterized by perivascular accumulation of mononuclear cells, which is sometimes preceded by an early infiltration of polymorphonuclear cells (11) . Recent evidence suggests, however, that this inflammatory response is an expression of cell-mediated immune response to viral antigens (4, 9) . The nature of the accumulating cells in the inflammatory site was studied by injecting India ink into mice after infection with Sindbis virus, with results indicating that a majority of the inflammatory cells were macrophages (10) . On the other hand, Zinkernagel and Doherty reported that, in mice infected with LCM virus, cytotoxic T cells could be found in the cerebrospinal fluid (20) . Hapel and Gardner also showed that in the ectromelia virus infection of mice, cytotoxic T cells were detected in the cerebrospinal fluid, which lost cytotoxic activity after treatment with antithymocyte serum (ATS) (8) . Thus, the role played by cytotoxic T cells for clearance of virus from the infected tissue has added to our understanding of the host defense against virus infection.
However, information about the role of cytotoxic T cells for virus clearance from the infected foci is relatively scanty, since researchers collecting data concerning cell-mediated immunity against viruses have mostly examined activities of circulating or spleen cells (16, 18, 19 2 h, after which the inoculum was removed and the cells were overlaid with 1 ml of CM containing effector cells, which had been obtained from mice infected 7 days earlier, at effector-target cell ratios of 20:1, 5:1, and 1:1. After 24 h, the numbers of plaques were counted. Virus growth in MEF in the presence of effector cells at a ratio of 20:1 were assayed on Vero cells at 12 and 24 h after infection. Virus titer of each well was expressed in PFU per milliliter of the cell fluid mixture. To check the specificity of the reaction, plaque inhibitory activity of MEC was examined using MEF infected with type 1 herpes simplex virus (30 to 35 PFU per well) in the same way as with vaccinia virus-infected cells.
Treatment of MEC with antitheta serum, ATS, and anti-mouse immunoglobulin serum plus complement. Antitheta C3H serum was kindly supplied by M. Fujiwara, Department of Immunology of the Institute of Medical Science (1, 6) . In preliminary tests, the optimal dilution of guinea pig complement was found to be 1:4, and this dilution was used for complement-dependent cell lysis. To 3 ml of MEC at a concentration of 5 x 107 cells per ml was added antitheta serum to a final concentration of 1:4; the mixture was incubated at 37°C for 30 min, washed, and reincubated with 1 ml of a 1:4 dilution of guinea pig complement. After incubation at 37°C for 30 min, the cells were washed and resuspended in CM (15) . Then the treated MEC were added to monolayers that had been infected with approximately 20 PFU of vaccinia virus 2 h earlier at an effector-target cell ratio of 20:1. At 24 h after infection, the numbers of plaques were counted. ATS was purchased from Microbiological Associates Inc., Bethesda, Md. Treatment of MEC with ATS or anti-mouse immunoglobulin serum plus complement was done in the same way as with antitheta serum.
All determinations were done in triplicate, and most experiments were repeated at least three times.
RESULTS
Immunofluorescence and pathology of infected mice. Viral antigens began to be seen on day 3 PI and gradually disseminated throughout the entire meningeal area until day 7 PI (Fig. 1) .
By histology, inflammatory cells consisting mainly of mononuclear cells and a small number of polymorphonuclear leukocytes began to be seen on day 3 PI, and their infiltration reached a maximum on day 5 PI (Fig. 2) (Fig. 4) .
Suppression of viral growth in MEF by effector cells. To determine whether MEC and immune spleen cells exerted their inhibitory effects on viral growth, monolayers that had been infected 2 h earlier were incubated with effector cells at a ratio of 20:1. At 24 h after infection, the virus titer was determined.
The data in Table 2 show that the virus titer in the presence of MEC was reduced, as compared with the untreated control, by almost 94% at 24 h after infection, whereas the virus titer in the presence of NMC was reduced by only 79% at 24 h after infection. These differences in viral titer were reproducible and statistically significant.
Specificity of the plaque inhibition by MEC. The specificity of plaque inhibition by MEC was confirmed by the absence ofinhibitory effect on the plaque formation by type 1 herpes simplex virus. Monolayers infected with 30 to 35 PFU per well of herpes simplex virus were overlaid with 1 ml of an MEC suspension at a ratio of 20:1. Twenty-four hours after infection, the plaque numbers were counted. The plaque num- Table 3 show that after treatment with antitheta serum or ATS plus complement, MEC lost their inhibitory ac-VOL. 20, 1978 7. (ii) Effect of freeze-thawing on MEC. To examine whether viable MEC were essential in inhibiting viral spread, MEC were frozen and thawed three times (14) . By this treatment almost 100% of the cells were killed, as determined by trypan blue exclusion. Freeze-thawed MEC had no effect on the number of plaques formed (Table 4) .
Effect of contaminating peripheral blood. To (2) . Most mice infected with vaccinia virus at a high multiplicity of infection die several days after IC inoculation, exhibiting no marked cell accumulation. On the other hand, mice infected with a low multiplicity of infection recover from the infection, and a large number of mononuclear cells are accumulated in the meningeal area (5) .
The role and characteristics of these inflammatory cells for viral clearance remain to be elucidated. We obtained such cells directly from the meningeal lesions caused by vaccinia virus and studied their nature and function.
On day 3 PI, inflammatory cells began to accumulate in the meningeal area and increased their number until day 7 PI. The local virus titer showed a rise and fall paralleling that of these cells. These events may reflect that the cell accumulation in the infected foci served the purpose of protecting the host from the vaccinia virus infection. In other words, MEC could control the outcome of viral infection.
MEC revealed a strong cytotoxic activity against vaccinia virus-infected cells. Moreover, the effector cells actually inhibited the virus spread in the in vitro system in which they prevented plaque formation and reduced virus titer. This inhibitory activity was virus specific and could be diminished by treatment with antitheta serum or ATS plus complement. Therefore, we conclude that the activity was exerted at least mainly by effector T cells. At the same time, we investigated the distribution of functionally different cells in the MEC population. The results showed that the portion occupied by B cells was less than 1%. These results show that the population of T lymphocytes in infected foci is much greater than in the systemic immune system or in normal peripheral blood (17) . Hapel and Gardner reported that the population of cytotoxic cells in the CSF observed in the case of ectromelia virus infection was higher than in the spleen (8) . In our results, MEC showed a cytotoxic activity similar to that of spleen cells INFECT. IMMUN. so long as those cells were obtained from IPinfected mice. In contrast, in the case of ICinfected mice, the activity of MEC was much stronger in both cytotoxicity and plaque inhibition than that of spleen cells.
It is conceivable, therefore, that sensitized T lymphocytes are accumulated in the meningeal lesions selectively and retained in the infected foci forming a separate immunological domain.
In our experiments we determined the distribution of cell species accumulated in the infected foci and ascribed the major function to the role played by local T cells. In addition to these local T cells, macrophages, B lymphocytes, K cells operating through antibody-mediated cytotoxicity, antiviral antibody and complement, interferon, and other chemical mediators might play additional important roles for viral clearance from the inflammatory focus. Studying the local exudate cells, we could evaluate the role of each component for viral clearance, thus contributing to a further understanding of the host defense mechanism against viral infection.
